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Abstract: Collapse models implement a progressive loss of quantum coherence when the
mass and the complexity of quantum systems increase. We will review such models and the
current attempts to test their predicted loss of quantum coherence. © 2020 The Author(s)
OCIS codes: 000.2658, 030.0030.
Collapse models describe the transition from the micro-world, well described by quantum mechanics, to the
macro-world, where systems are never observed in superpositions. They modify the Schroedinger equation in-
cluding the wave-function collapse in the dynamics [1]. Such a unified evolution is obtained by adding stochastic
and non-linear terms. This solves the quantum measurements problem: the collapse is embedded in the dynam-
ics and it does not only occur in the measurement processes. For microscopic systems, collapse models induce
negligible effects, confirming the well-known and experimentally verified results about quantum mechanics. Con-
ersely, when the size and the complexity of the system increase moving towards the macroscopic realm, a built-in
amplification mechanism ensures that the collapse is effective. It this way, the collapse suppresses the quantum su-
perpositions and the systems behave classically [1]. The quantum-to-classical transition is thus explained without
run into paradoxes like the famous Schroedinger’s cat.
The most studied among collapse models is the Continuous Spontaneous Localization (CSL) model, which
describe the collapse as occurring continuously in time, and it can be considered as a valid alternative to quantum
mechanics. Two free phenomenological parameters characterize the model. These are the collapse rate λ and the
correlation distance of the collapse noise rC. During the years, different proposals for these values were presented.
Ghirardi, Rimini and Weber (GRW) originally set [1] λ = 10−16 s−1 and rC = 10−7 m. Later, Adler suggested
different values [2] namely rC = 10−7 m with λ = 10−8±2 s−1 and rC = 10−6 m with λ = 10−6±2 s−1. A consensus
so far has been not reached, but, as the model is phenomenological, the values of the parameters must be eventually
determined by experimental evidences.
The collapse effects are made proportional to the mass of the system. Thus, the amplification mechanism is
automatically implemented, and one can focus on the contributions coming from the nucleons and neglect those
from the electrons. The collapse dynamics gives different predictions from those given by quantum mechanics. The
comparison of these results with the experimental results will constrain the CSL parameter space, as we will now
below. Although the development of dedicated experiments has started only very recently [3], the comparison of
the predictions of the CSL model with the available experimental data has already set strong bounds on the collapse
parameters. The experiments that have been exploited so far can be distinguished into families: the interferometric
and non-interferometric tests.
In interferometric experiments, we have those where a quantum superposition is created and eventually probed.
Since collapse models suppress quantum coherences and localize the state of the system in space, these experi-
ments are the most natural way to test collapse theories. The general procedure is to detect the interference pattern
and quantify its reduction. This will place an upper bound on the maximum value of the parameter λ given a
value for rC. Examples of these experiments are atom [4] and molecular [5, 6] interferometry and entanglement
experiment with diamonds [7]. The corresponding upper bounds are shown in Figure 1.
Following the same point of view, one can also set a lower bound starting from theoretical considerations [6].
Indeed, the collapse must guarantee that macroscopic objects actually collapse. This sets a minimum value for λ .
The left panel of Figure 1 shows the upper bounds obtained from interferometric experiments, compared with the
GRW’s and Adler’s theoretically proposed values of the parameters and the lower theoretical bound.
The strongest bounds to the CSL model are, so far, not those from interferometric experiments, but from non-
interferometric ones. These experiments, instead of involving the creation of a quantum superposition, focus on
a side effect of collapse models. Indeed, CSL predicts a Brownian motion of the center of mass of the system,
which can be detected by the extremely fine-tuned non-interferometric techniques [8,9]. Since no superposition is
created, such experiments can involve also truly macroscopical systems, where collapse effects are more effective
due to the amplification mechanism. These experiments involve cold atoms [10], optomechanical systems [3, 9,
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Fig. 1. Exclusion plots for the CSL parameters with respect to the GRW’s and Adler’s theoretically
proposed values [1, 2]. Left panel - Excluded regions from interferometric experiments: molecular
interferometry [5,6] (blue area), atom interferometry [4] (green area) and experiment with entangled
diamonds [7] (orange area). Right panel - Excluded regions from non-interferometric experiments:
LISA Pathfinder [9, 11] (green area), cold atoms [10] (orange area), phonon excitations in crys-
tals [14] (red area), X-ray measurements [13] (blue area) and nanomechanical cantilever [3]. We
report with the grey area the region excluded based on theoretical arguments [6].
11, 12], X-ray measurements [13] and phonon excitations in crystals [14]. The right panel of Figure 1 shows the
upper bounds that can be inferred from the existing non-interferometric tests.
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